Background: Lower socioeconomic status (SES) is associated with worse patient-reported outcome (PRO) after orthopaedic procedures. In patients with anterior cruciate ligament (ACL) reconstruction, evaluating SES by use of traditional measures such as years of education or occupation is problematic because this group has a large proportion of younger patients. We hypothesized that lower education level and lower values for SES would predict worse PRO at 2 years after ACL reconstruction and that the effect of education level would vary with patient age.
When the effects of medical treatment, the effects of surgical treatment, or the propensity to develop a disease are evaluated, the consideration of socioeconomic status (SES) is essential. Different socioeconomic factors are known to affect health through numerous causal pathways. 4 For example, it has been found that people with low SES experience more dysfunction in multiple biological systems compared with people who have higher SES. 3 Furthermore, neighborhood SES has been shown in many studies to correlate with the observed measure of health more strongly than common individual socioeconomic factors. 8, 9 Within the realm of orthopaedic surgery, several retrospective studies have identified associations between SES and important aspects of total joint arthroplasty. 11, 14, 15, 19 Mahomed et al 15 found SES to be indirectly related to mortality and wound infection following total hip arthroplasty. SooHoo et al 18 found that patients insured with Medicaid had higher odds of having an infection following a total knee arthroplasty than those with private insurance.
Anterior cruciate ligament (ACL) reconstruction can effectively restore knee stability and allow patients to return to sporting activities, but not all patients have the same improvement in patient-reported outcome (PRO) after surgery. For example, certain factors such as younger age and use of allograft have been associated with higher failure rates and a worse PRO. 6, 12 In addition, socioeconomic variables including race and education level have been significant predictors of outcome in previous studies from our cohort. 6 However, a growing body of evidence suggests that neighborhood SES can be used as a proxy for individual SES and that a person's health may be influenced more by neighborhood SES than individual-level SES. 3, [7] [8] [9] In addition, the young age of patients who have ACL reconstruction makes the use of education level as a predictor of SES problematic. Many of these patients are students, so their final education level has not yet been attained. Because education level increases with age in children and young adults, any findings attributed to this variable may be confounded by age until students complete their education.
The purpose of this study was to clarify the relationships between age, education level, neighborhood SES, and PRO after ACL reconstruction. We hypothesized that lower education level and lower neighborhood SES would predict worse PRO at 2 years after ACL reconstruction and that the relationship between education level and PRO would vary depending on patient age. We also hypothesized that models including neighborhood SES would explain more variation than models without these variables.
METHODS
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been previously published. 6, 10 Patient questionnaires were administered at baseline and 2 years postsurgery. Evaluation of later outcomes becomes more complex because patients are more likely to move and live in different neighborhoods 6 and 10 years after surgery, so we chose to focus on 2-year outcomes for this project. The validated outcome instruments included the International Knee Documentation Committee (IKDC) questionnaire, the Knee injury and Osteoarthritis Outcome Score (KOOS), and the Marx activity rating scale (Marx), and general questions included age, sex, raceethnicity, height, weight, occupation, and years of education. Surgeon questionnaires were completed after surgery and included documentation of examination under anesthesia, arthroscopic findings, and details of the treatment such as graft choice, fixation technique, and meniscal and articular cartilage abnormalities and treatment. Rehabilitation was standardized across the cohort through use of an evidencebased rehabilitation protocol. Enrolling surgeons participated in a cadaveric study that established their ability to appropriately place tunnels regardless of surgical technique. 20 This study included patients from 2 of the MOON sites (Cleveland Clinic, Cleveland, Ohio, and Vanderbilt University Medical Center, Nashville, Tennessee) from the 2002 to 2004 enrollment years ( Figure 1 ). Additional sites could not be included because of limitations placed by local institutional review boards on the use of protected health information (census data tract, in particular).
SES Calculation
Neighborhood SES was appraised through the use of geocoding, using ArcGIS 10.1 (Environmental Systems Research Institute) to plot a patient's address on a map and determine which census tract contains the address. Census tracts are small subdivisions of a county that usually contain between 2500 and 8000 persons; in a sense, census tracts are analogous to large neighborhoods. Census tracts are designed to be homogenous with respect to population characteristics, economic status, and living conditions. Once the census tract for each address was determined, descriptive statistics provided by the 2000 United States (US) Census were retrieved and used as a proxy for the SES of patients who lived within the respective census tracts. Because many of the variables from the US Census are overlapping and highly correlated, factor analysis was used to identify 6 largely uncorrelated variables that contribute to SES (Table 1) . These variables were joined by summing their z scores (the number of standard deviations from the mean for each measurement) and were used as a composite index of SES. 3, 4, [7] [8] [9] 
Statistical Analysis
Sequential models were constructed to better understand the additional effect of both standard socioeconomic variables (education, employment status, student status, disability status, and interaction of age and education) and neighborhood SES (SES index) on PRO (IKDC, KOOS subscales, and Marx scores). A parsimonious clinical model was initially constructed to predict PRO scores based on demographic variables and details of physical examination, surgical findings, and surgical technique that were significant predictors in prior studies. 6, 10 These variables included age, sex, race, body mass index, smoking status, sport played at the time of injury, competition level, graft type, primary versus revision surgery, lateral meniscal tear severity, and baseline outcome score.
Next, variables that have traditionally been used as a proxy for SES were added to the model. These included years of education, employment status (full-time, parttime, and unemployed), student status, and disability status. A variable to test the interaction of age and education was also included because many patients in the cohort were not old enough to have completed their education. The corrected Akaike information criterion (AICc), a measure of the relative quality of statistical models corrected for sample size, was calculated for each model. A general rule is that a difference of 2 or more in the AICc indicates a statistically better model. 1, 5 In addition, hypothesis testing was performed by use of the likelihood ratio test, with P < .05 indicating a significant difference in models.
The SES index was calculated for each patient as follows: Each patient's home address at baseline was mapped through use of ArcGIS software to determine the census tract for each address and link to the relevant statistics from the 2000 US Census. The 6 SES index variables and corresponding US Census statistics are listed in Table 1 . Next, the variables were transformed so that higher values represented higher SES and were normalized by calculating a z score for each variable and summing the z scores for each variable to create a summary score, the SES index.
Next, the SES index variable was tested to see whether it improved the performance of the models. For outcome measures where the addition of the traditional SES variables improved model performance, the SES index was added to the model to see whether it provided any improvement in performance over the traditional SES variables. For outcome measures where the traditional SES variables did not improve model performance, the SES index variable was added to the clinical model and model performance was evaluated. As in the previous step, models were compared by use of the difference in AICc and the likelihood ratio test. Table 2 shows univariate baseline characteristics of the cohort. The cohort contained 675 patients; 45% were female, and the median age was 20 years. Table 3 shows the outcome scores at baseline and 2-year follow-up. Table 4 shows the results of the model comparisons for each outcome measure (KOOS subscales, Marx, IKDC). "Clinical" indicates the model with only clinical variables, "A" indicates the additional variables that are traditionally used to account for SES (years of education, employment status, student status, disability status, interaction of age and education), and "B" indicates the SES index variable. Tables 5 through 7 show coefficients for socioeconomic variables retained in the final models. Coefficients for the A variables are not reported if the addition of these variables did not improve the model. Of note, in the models that included the A variables but not the SES index, the interaction term between age and education was significant (P < .04) for the Marx, the IKDC, and all of the KOOS subscales except ADL. For more detailed information, see Appendix Tables A1 through A4. A representative nomogram for predicting IKDC score is presented in Figure 2 to give a visual representation of the relative contribution of each baseline factor to 2-year outcome. The remaining nomograms can be found in Appendix Figures  A1 through A6 . Figure 3 presents boxplots that show the difference in distribution and mean for each PRO score between the lowest 10% and highest 10% of SES index values. A broader distribution of values is seen for patients with the lowest SES index, and the mean difference exceeds the minimal clinically important difference for the majority of PROs.
RESULTS

DISCUSSION
Our analysis demonstrates that socioeconomic variables are significant predictors of PRO after ACL reconstruction and that the interaction between age and education level should be evaluated in this patient population because of the large proportion of students who undergo ACL surgery. Our findings also show that neighborhood factors are important predictors of outcome, in addition to the patient factors that are traditionally captured in clinical outcomes research. Furthermore, greater variation was seen in the outcomes of patients with the lowest SES. This suggests that improving access to care in neighborhoods with lower SES may provide an opportunity to lessen this variability and improve patient outcomes and that, when possible, future studies of outcomes after ACL reconstruction should include a measure of neighborhood SES. To our knowledge, this is the first study to evaluate the impact of SES on PRO after ACL reconstruction using both individual and neighborhood measures. Multiple studies have evaluated the relationship between SES and orthopaedic outcomes. In a nationwide study of 25,354 elderly patients with hip fracture conducted in Denmark, patients with higher education levels and higher family incomes had lower rates of readmission and lower 30-day mortality rates. 13 In a Swedish study that examined the relationships between education level, household income, and likelihood of undergoing surgical treatment for cruciate ligament injury, the investigators found that patients with higher family income and/or education level were more likely to undergo surgical treatment. 16 Insurance status has been used as a surrogate for SES to evaluate the relationship between SES and outcome after orthopaedic procedures. For example, Sabesan and colleagues 17 showed that patients with Medicaid had a higher risk of complications and higher total charges after treatment of proximal humeral fractures. We did not prospectively record insurance status for our patients and could not reliably obtain this information retrospectively, so our analysis did not account for this variable.
Previous studies from our cohort have shown that nonwhite race predicts worse outcome after ACL reconstruction. 6, 10 However, the relationship between race and outcome is confounded by SES. For example, in a systematic review of studies that reported revision rates after total knee replacement, a significant relationship was seen between race and outcome only in the study that did not adjust for insurance payer status. 2 Likewise, in the current study, race was not an independent predictor of outcome after the addition of socioeconomic variables.
Several potentially modifiable risk factors may be associated with differences in neighborhood SES but were not captured or analyzed in our current study. These include delays in accessing care (including office visits, diagnostic testing, surgery, and physical therapy) due to insurance access, transportation, or job status; differences in comorbidities between people in different neighborhoods; differences in sports and exercise participation; and differences in overall activity level. This study was performed prior to the Affordable Care Act, and any effect of this act on improving access to health care is unknown. These factors would make excellent topics for future study.
CONCLUSION
This is the first study to examine the impact of SES, using both individual and neighborhood measures, on PRO following ACL reconstruction surgery. We showed that neighborhood SES is associated with worse PRO after ACL reconstruction, with greater variability in outcome in the patients at the lowest end of the socioeconomic spectrum. In addition, we found that the effect of education on outcome varies with patient age in this population.
Future studies in the ACL reconstruction population should account for neighborhood SES when adjusting for confounding factors and should attempt to identify the modifiable risk factors for worse outcome in patients from low SES neighborhoods. That way, these patients can potentially be offered special interventions to improve their outcomes. 
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